Summary. The 12-to 24-month-old Holstein bulls were electroejaculated twice on each of 3 days per week throughout the study. After a 2-week stabilization period and subsequent 2-week pre-treatment period, 7 bulls were given 50 i.u. oxytocin via the jugular vein 10 min before each first ejaculate for 10 weeks. The 7 control bulls were handled identically but did not receive oxytocin. All bulls were castrated at the end of the study. Oxytocin was without effect on spermatogenesis (P > 0\m=.\10).Oxytocin did not alter the total number of spermatozoa harvested per collection day (P > 0\m=.\10), but increased the number of spermatozoa in first ejaculates by an average of 34\m=.\2% (P < 0\m=.\025).Oxytocin did not affect sperm quality (P > 0\m=.\10) as judged by the motility of spermatozoa in fresh semen or by the motility or percentage of spermatozoa with intact acrosomes in thawed semen. It is concluded that 50 i.u. oxytocin enhanced sperm output in first ejaculates of electroejaculated bulls without altering daily sperm production or seminal quality.
Introduction
Sexual preparation by 'false mounting' or active restraint of beef or dairy bulls typically results in about a 50% increase in the number of spermatozoa in first ejaculates taken with an artificial vagina (Hale & Almquist, 1960; Almquist, 1973) . Sexual preparation also induces the release of oxytocin (Sharma & Hays, 1973) which, if injected before ejaculation into an artificial vagina, increases the sperm output of rams, bulls and rabbits (Kihlstrom & Melin, 1963; Knight & Lindsay, 1970;  Knight, 1974a; Schefels & ElAzab, 1975; Voglmayr, 1975; Agmo et al, 1978) . Presumably, oxytocin stimulates smooth muscle contractility (Knight, 1972 (Knight, , 1974b , thereby enhancing sperm transport within the extragonadal ducts before and/or during ejaculation.
The collection of semen with an artificial vagina is generally preferred to collection by electro¬ ejaculation. However, electroejaculation has proved especially useful for the harvesting of semen from bulls for whom collection with an artificial vagina is precluded by inadequate libido or physical disabilities. Since electroejaculation is usually performed without sexual preparation pro¬ cedures known to elicit oxytocin secretion, it seemed possible that exogenous oxytocin might enhance sperm output if given before electroejaculation. However, to be useful, oxytocin would not only need to enhance sperm output, but would need to be without adverse effects on spermato¬ genesis or seminal quality. The effect of chronically-administered oxytocin on bovine spermato¬ genesis and seminal quality is unknown. The objective of the present study was therefore to determine the effect of oxytocin, given before the electroejaculation of bulls maintained on an weeks. An interval of 10 min was maintained between the collection of first and second ejaculates, while the order in which individual bulls were presented for collection of semen was randomized on any given day.
The first 2 weeks of the experiment served to accustom bulls to this procedure and allowed the stabilization of extragonadal sperm reserves and sperm output (Amann & Almquist, 1961b (Foote et al, 1978) (Johnson et al, 1976 ) and used to determine the percentage of spermatozoa with intact acrosomes (Saacke & Marshall, 1968 (Berndtson & Desjardins, 1974 (Amann & Almquist, 1961a) . Daily sperm production (DSP) was calculated utilizing a time divisor of 5-32 days, which equalled the number of days of sperm production represented by homogenization-resistant elongated spermatids (Amann et al, 1974) . Counts were performed in duplicate by each of two technicians. The average coefficients of variability between technicians for the DSP/g and DSP/testis of the 28 testes were 12-6 and 12-7%, respectively. Data for the DSP of each testis were pooled over technician and the means were used for statistical analysis.
Spermatogenesis was quantified histometrically via the direct enumeration of the nuclei of type A spermatogonia, preleptotene primary spermatocytes, pachytene primary spermatocytes and round step 8 spermatids and of Sertoli cell nuclei with a visible nucleolus in cross-sections of Stage VIII seminiferous tubules, as defined by Berndtson & Desjardins (1974) . For each testis, the aforementioned nuclei were counted in each of 10 seminiferous tubular crosssections by each of two evaluators (20 tubules per testis). The resulting crude counts were converted to true counts by application of Abercrombie's formula, whereby true count = crude count section thickness/ (section thick¬ ness + nuclear or nucleolar diameter) (when measurements are in µ : Abercrombie, 1946; Berndtson, 1977) and for tubular shrinkage by application of a Sertoli cell correction factor (Lino, 1971; Berndtson, 1977) . For the Abercrombie correction, each observer independently measured 5 nuclei of each germ cell type and 5 Sertoli cell nucleoli for each testis with an ocular micrometer, and the correction was applied on a within-testis, within-observer basis. Data were pooled over evaluators for statistical analysis. In a separate study (Berndtson et al, 1987) , the average coefficients of variation between duplicate estimates of the number of germ cells per tubular cross-section, for which each estimate was based upon counts for a total of only 10 tubular cross-sections per testis (i.e. for 5 rather than 10 cross-sections per each observer), were as follows: type A spermatogonia, 9-8%; preleptotene primary spermatocytes, 4-8%; pachytene primary spermatocytes, 4-8%; and step 8 spermatids, 40% Statistical analyses. Because inherent differences in some of these measures among bulls before treatment would probably influence the results, data were handled as follows. When data sets involved repeated measurements over time (body weight, scrotal circumference, sperm motility, volume and sperm concentration of the pre-sperm and sperm-rich fractions of each ejaculate and total spermatozoa per ejaculate or per day), analyses of variance were conducted via the repeated measures design (SAS Institute, 1985) for which each seminal collection day represented a level of the time factor, with data adjusted for pre-treatment differences. The adjustment consisted of subtracting the pre-treatment mean for each measure on an individual-bull basis from each value and then addition of the grand mean for the experiment to the resulting difference 109 for control and oxytocin-treated bulls respectively during the 2-week pretreatment period, while corresponding means for the last 2 weeks of the experiment were 5-61 and 5-98 109, respectively. However, the administration of oxytocin caused a marked increase (P < 0025) in the number of spermatozoa in first ejaculates and a corresponding decrease (P < 0025) in the number within second ejaculates (Table 3) . Of the total spermatozoa harvested per collection day, 47-3, 41-3, 430, 45-5, 410 and 45-6% were obtained in the first ejaculates of control bulls during the pretreatment period and during each successive 2-week period of the study. In contrast, the corresponding percentages for oxytocin-treated bulls averaged 33-2, 56-9, 541, 620, 58-3 and 59-2, respectively. Although it is not clear why the relative sperm output in first and second ejaculates of bulls in the two groups differed during the pretreatment period, the percentage of the total sperma¬ tozoa present within first ejaculates quite consistently averaged about 43-3% in controls and 58T % in oxytocin-treated bulls during the treatment period. This corresponds to a 34-2% increase in the sperm output of first ejaculates due to oxytocin (i.e. 58T/43-3 100).
Spermatogenesis
The sperm output of bulls maintained on a regular 6-times/week seminal collection schedule approaches sperm production (Amann et al, 1974) . Therefore, the similarity of sperm output throughout the present experiment was indicative of an absence of an effect of oxytocin on sperma¬ togenesis. Further direct evidence of this is presented in Table 4 . Despite differences among pairs of bulls (P < 005), oxytocin was without effect (P > 0-10) on the numbers of type A spermatogonia, preleptotene primary spermatocytes, pachytene primary spermatocytes or round step 8 spermatids per Stage VIII seminiferous tubular cross-section (Table 4 ). In addition, oxytocin was without effect (P > 010) on daily sperm production per gram of testicular parenchyma, per testis or per bull, as judged by the numbers of homogenization-resistant elongated spermatids.
Epididymal sperm reserves
Since oxytocin did not alter rates of sperm production or total daily sperm output, it was not surprising that oxytocin was without effect on the epididymal sperm reserves within tissues removed at castration on Day +68, 1 day after the last ejaculation (Table 5) . Neither the total paired epididymal sperm reserves nor the distribution of spermatozoa within the proximal or distal epididymal segments were influenced by oxytocin administration (P > 010). Organ weights were similar (P > 0-10) for control and oxytocin-treated bulls. Standard errors among days. "Means for first ejaculates were similar (P > 005) for control and oxytocin-treated bulls. bcMeans for second ejaculates that do not bear a similar superscript differ (P < 001).
de,fgMeans for first (de) or second (fB) ejaculates that do not bear a similar superscript differ ( < 25).
Seminal quality
The percentage of progressively motile spermatozoa in fresh ejaculates is shown in Table 6 . Oxytocin was without effect (P > 010) on the motility of spermatozoa in first and second ejacu¬ lates. Also, oxytocin did not influence the percentage of progressively motile spermatozoa or the percentage of spermatozoa with intact acrosomes in frozen-thawed semen (Table 1, > 0-10). It was therefore concluded that oxcytocin did not influence sperm quality. Step 8 55-1 + 1-2 59-4 ± 0-7 59-1 ± 2-3 611 ± 1-4 59-3 ± 1-3 60-3 + 1-5
57-5 ± 0-7 57-9 + 1-2 551 + 1-8 58-3 ± 1-8 60-5 + 21
611 ± 10 58-5 + 2-4 581 ± 1-9 61-3 ± 1-9 64-8 + 10
All values for control and oxytocin-treated bulls are similar (P > 010). (Table 3) and that the 34-2% increase in first ejaculates was roughly comparable to the increase noted due to sexual preparation of bulls from which semen was collected with an artificial vagina (Hale & Almquist, 1960; Almquist, 1973) . It is not known whether sperm output might be enhanced further by the administration of oxytocin before both ejaculates. However, in the absence of an effect on sperm production, it would seem that the use of oxytocin to enhance sperm output would be most advantageous for bulls electroejaculated less frequently and/or when the collection of only a single ejaculate was planned. By administering oxytocin, it might be possible to reduce the frequency of electroejaculation for bulls with certain physical disabilities, thereby reducing stress to the bull and the labour associated with collection and subsequent processing of semen, without compromising the number of inseminates available over time.
Ejaculates harvested by electroejaculation typically have a greater volume and lower sperm concentration than those obtained with an artificial vagina (Ball, 1974 (Sharma et al, 1972) . In contrast to these results, the motility of spermatozoa in fresh ejaculates was assessed by evaluation of approximately 1000 ejaculates during the 2-week pre-treatment and 10-week treatment periods. Given the size of this sample, the absence of an effect of oxytocin on motility (P > 0T 0) constitutes very strong evidence that oxytocin was without effect on this criterion. From the evidence presented herein, it is concluded that oxytocin did not alter the quality of semen obtained via electroejaculation of young dairy bulls.
